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on Gas Turbine Economics
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Gas Turbines 
in the PJM Region
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An SCNG Policy Study

• GEMSET is an Evaluation and
Planning Division tool for
assessing the economic
merits of fossil generation
equipment in today’s power
market

• The SCNG worked with
the Evaluation and
Planning Division to
apply GEMSET modeling
to the problem

• Participants were:

− Julianne Klara
− Patricia A. Rawls

− Richard E. Weinstein, P.E.
− Albert A. Herman, Jr.
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Study Methodology

• Estimate Production Costs for Existing
Generating Units within PJM

• Estimate Fuel Prices (Oil, Gas and Coal)
• Characterize PJM’s Hour-by-Hour Electric

Price and Fleet Make-Up
• Relate Demand and Production Costs to

Threshold Bid Price
• Estimate Effects of Competition



Strategic Center for Natural Gas

07-060-070 - 4 Economics of GTs in PJM

PJM FORECAST

• Limited growth
expected over
next 15 years (less
than 2%)

• Demand & Energy
about the same
growth

• Over 15 years only
13,000 MW’s
projected in
growth

• Over 40,000 MW’s
of projects in
queue

PJM Forecast
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Review of Pricing in PJM as it relates to
GEMSET

• January 1, 2000 through December 31,

2000 (hour by hour)

• Histogram of day ahead prices

• PJM Price versus Demand correlation

in Production Costs

• Expected Average Price
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PJM Day-Ahead Price
 PJM Locational Marginal Price:  PJM ZONE January 2000-December 2000
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PJM Price Duration Histogram
PJM Locational Marginal Price

January 2000-December 2000
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Load Duration Histogram
PJM Load Duration
January 2000-December 2000
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PJM Price vs. Demand Correlation
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Production Cost Estimates
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Estimating Fuel Price

• Fuel costs are a key element influencing
regional electric prices.

• GEMSET used a mix of historical, spot market,
futures market and forecast data to establish
its energy cost baseline.
−Historical delivered prices to power companies from

FERC
−Spot Market and natural gas futures price

projections from NYMEX
−Long-term projections from EIA
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GEMSET Fuel Price Forecast

FERC Region 2
Mid-Atlantic
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Example:  Natural Gas in FERC Region 2



$ 2 scenario$ 2 scenario

$ 1.35 scenario baseline$ 1.35 scenario baseline



$ 3 scenario$ 3 scenario

$ 4 scenario$ 4 scenario

$ 5 scenario baseline$ 5 scenario baseline

$ 8 scenario$ 8 scenario
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Simple Cycle Capital Projections
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Heat Rate vs. Power Output
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Combined Cycle Capital Projections
Gas Turbine World FOB Combined Cycle Prices 

Adjusted by Parsons for Actual Installation Cost Level

y = 1603.1544x-0.1990
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Heat Rate vs. Power Output
Combined Cycle Turnkey Plant HHV Heat Rate vs. Power Output

y = 10298.7984x-0.0673
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Heat Rate vs. Power Output
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Operation & Maintenance Expenses

Fixed O&M and Consumable Assumptions Used to Characterize Threshold
bid prices for the PJM Fleet

Type of Unit Fixed O&M
Coal and Solid Fuels
for coal, wood, culm, etc. $ 26.80 / kW

Simple Cycle Gas Turbine
for gas and petroleum fuels $ 11.20 / kW

Gas Turbine Combined Cycle
for gas and petroleum fuels $  16.00 / kW

for all types of units:
Fuel Type of Unit Consumables

Bituminous glob $  2.50 / MWh
Coal $  1.70 / MWh
Culm $  2.50 / MWh

Petroleum Fuels $  0.40 / MWh
Landfill Gas $  0.30 / MWh

Municipal Solid Waste $  2.50 / MWh
Natural Gas $  4.00 / MWh

Petroleum Coke $  2.50 / MWh
Nuclear $  2.77 / MWh †

Wood and Wood Waste $  2.50 / MWh
Hydroelectric $  3.26 / MWh

Waste Process Gas $  2.50 / MWh
† nuclear fuel O&M related to fuel handling and processing included with fuel price
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Annual Capital Component

Fixed Charge Rate Applied

Rate of Return on
Equity

Simple Cycle Combined Cycle Coal

0% 0.1115 0.1115 0.1029

15% 0.1419 0.1419 0.1534

25% 0.1637 0.1637 0.1913
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Build Region from Existing Fleet

October 1999-September 2000
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Units Arranged in Threshold Bid Price Order
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Build Region from Existing Fleet

Depending on the scenario,
the units will have been added
to the existing fleet in prior
years with the best available
economic choice available up
to that time

Units evaluated for any
particular year must compete
with what exists from prior
years

Market penetration analysis

establishes market share,

based on economics,

environmental regulation,

industry preferences, and

industry risk acceptance

Market penetration analysis

establishes market share,

based on economics,

environmental regulation,

industry preferences, and

industry risk acceptance
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Forecast Prices and Dispatch for the
New Scenario

October 1999-September 2000
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Relating Demand and Production Costs to
Threshold Bid Price

• An un-manipulated market is a random walk
• Gamesmanship establishes bid price, but all

owners are constrained by their production
costs

• No model can predict the hour-by-hour
variation

• Expectation is that the amount of volatility and
variability of bid prices to estimated
production costs will over a year be about the
same

• An “inferred competition ratio” for each hour
maps a bid strategy that in aggregate models
bidding under the various scenarios



Strategic Center for Natural Gas

07-060-070 - 28 Economics of GTs in PJM

Estimated CF vs. Threshold Bid Price for Each Scenario
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HIGHER RISK -- Owner’s Return Depends on
Uncertain Market Conditions

At $5/106 Btu average gas price
return would be inadequate
to pay back debt 
        -- investment ill-advised

Year 2000 PJM revenue possible --
established by the competitive market

Zero profit line for
150 MW GT peaker
- PJM above = profit
- PJM below = loss

More hours of operation
but lower average price over the hours run

Fewer hours,

but higher

peaking price
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SUMMARY
 PRICE SENSITIVITYANALYSIS
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Estimate -- Year 2000 PJM
Fuel Price Sweep
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Capacity Factor: $ 3 / 106 Btu Natural Gas
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Capacity Factor: $ 4 / 106 Btu Natural Gas
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Capacity Factor: $ 5 / 106 Btu Natural Gas
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Capacity Factor: $ 8 / 106 Btu Natural Gas



Strategic Center for Natural Gas

07-060-070 - 36 Economics of GTs in PJM

Economics: $ 3 / 106 Btu Natural Gas
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Economics: $ 4 / 106 Btu Natural Gas
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Economics: $ 5 / 106 Btu Natural Gas
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Economics: $ 8 / 106 Btu Natural Gas
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Profit Before Taxes
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Estimate -- Year 2000 PJM
Local Unit Has Low Gas Price Advantage

Compared to Other Gas Units
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Economics: $ 3 / 106 Btu Natural Gas for
Local Unit
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Estimate -- Year 2000 PJM
Coal Price Rises to $ 2.00 / 106 Btu
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Economics: $ 2/106 Btu Coal, $ 5/106 Natural
Gas
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Estimate -- Year 2006 PJM
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Economics: 2006 Simple Cycle COE
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Economics: 2006 Combined Cycle COE



Strategic Center for Natural Gas

07-060-070 - 48 Economics of GTs in PJM

Economics: 2006 Baseline Estimates
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Conclusions

• At gas prices below $4.00/million Btu in PJM,
new gas turbine and combined cycle electric
projects are profitable

• Higher than expected fuel costs can result in
financial failure for an existing plant or
cancellation of planned new plants
− inadequate generation to meet demand growth
−electric power shortages and skyrocketing electric

price to consumers during peak demand periods
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GEMSET Web Site

• Prototype Internet web
site under development

• This is preliminary, not
all links complete,
subject to significant
change

• Prototype site available
at:
(all lowercase)

http://www2.epix.net/~parsons

• Select  “GEMSET”
• Final version will be on

the DOE web when
development is
completed


